This research examined the association between the domestic built environment in a Palestinian refugee camp in Beirut, Lebanon, and the presence of illness among household members. Data on the domestic built environment, socio-demographics and health were collected in 860 households. The association between the presence of illness among household members and three environmental indices, namely infrastructure and services, housing conditions, and crowding was evaluated. These indices were based on a number of items that reflected the existing problems in the domestic built environment. The main finding was the positive association between poor housing conditions and the presence of illness among household members. Households with 8 -15 housing problems were twice more likely to report the presence of illness than those with less than four housing problems (OR ¼ 2.08, 95% CI ¼ 1.40 -3.11). This research contributes to the understanding of the influence of the built environment on the health of a refugee population.
on the other hand (Jones 1998; Krieger & Higgins 2002; Al-Khatib et al. 2003; Roux 2003; Sirinivasan et al. 2003; Xavier et al. 2003) .
The literature also indicates that inadequate infrastructure and services namely lack of a safe water source, unreliable electrical supply and improper disposal of solid wastes, contribute to public health outbreaks (Northridge et al. 2003; Galea & Vlahov 2005) . Crowded cramped conditions have also been associated with acute respiratory infections, poor mental health among children as well as household burns and accidents (Filfil 1999; .
It is argued that a safely built environment, including adequate housing conditions, is one of the most elemental human needs (UNHCR 2004) . Nonetheless, around one billion (onesixth) of the worlds population currently live in slums and squatters (UN-HABITAT 2003) and a large proportion of refugees reside in inadequate shelters (UNHCR 2004) .
Since 1948 Palestinian refugees, who constitute one of the five largest groups of refugees in the world (UNHCR 2004) , have been dispersed, in several Arab countries including Jordan (42%), the Syrian Arab Republic (10%) and Lebanon (10%), in addition to the refugees living in the Gaza strip (23%) and the West Bank (16%) (UNRWA 2004) . To carry out direct relief and works programmes for Palestinian refugees, the United Nations Relief and Work Agency (UNRWA) was established by the United Nations in 1949 (UNRWA 2004) . Currently, one third of the refugees registered with UNRWA reside in 59 official camps, of which 12 are located in Lebanon, (UNRWA 2004) while the other two-thirds live in unofficial camps, gatherings and squatter-like areas (An-Natour 2004) . Overcrowding and the lack of infrastructure and services namely wastewater networks and sanitation systems have been previously reported to fall below acceptable standards of environmental health in refugee camps in West Bank and Gaza strip (Farah 2000) . Also, poor housing conditions have been positively correlated with poor health in camps the of the West Bank (Giacaman 1985; Filfil 1999; Farah 2000; Al-Khatib et al. 2003) .
One of the largest and oldest Palestinian refugee camps in Lebanon is Burj Barajneh camp established in 1948 on the outskirts of Beirut by the International League of Red Cross Societies (UNRWA 2004) . The camp is densely populated and currently accommodates 20,405 refugees in hastily aggregated illegal squatters in an area of 1.6 km 2 area (UNRWA 2004) . According to UNRWA sources, the camp suffers from overcrowding, lack of proper services and infrastructure, poor housing conditions and poverty. Around 1630 persons in the camp were classified as ''special hardship cases'' denoting individuals who lack access to ''basic medical and social facilities, live on food rations and with no main breadwinner member in the household'' (UNRWA 2004) . Despite this situation, the health of Palestinians residing in refugee camps in Lebanon has not received enough attention in the literature. As far as we know our study is the first to investigate the association between the domestic built environment in Burj Barajneh camp and the presence of illness among household members.
Methodology

The sample
The sample used in this analysis, is part of data collected in the Urban Health Survey (UHS), carried out by the Faculty of Health Sciences at the American University of Beirut in 2002. The cross-sectional survey was based on a two-stage probability sample of 860 households from a total of 3548 households in Burj Barajneh camp. Data were collected during a face-toface interview with a proxy respondent from each selected household. A structured questionnaire specifically designed for this study included sections on housing characteristics and 100 R. R. Habib et al.
information on household members. The section on housing characteristics consisted of questions on infrastructure, services, and housing conditions. Information on household members provided information on demographics and data on the presence and type of illnesses among household members. Prior to data collection, the study was granted ethical approval by the University Review Board. All respondents were informed of the objective of the study and oral consent was obtained. The response rate was 97.7%.
The variables
Three domestic built environment indices, including infrastructure and services, housing conditions, and crowding, were developed to reflect the environmental quality in the households (Jones 1998; Rylander & Megevand 2000; Takano & Nakamura 2001; Al-Khatib et al. 2003) . The infrastructure and services index consisted of nine items relating to drinking water, electrical power, sewage and garbage disposal, as well as floods due to rainwater (see Table I ). The housing conditions index was based on 15 items including household infestation, adequate lighting, ventilation, heating, the presence of humidity and cracks in walls and ceiling, and others presented in Table I . All the items used in the calculation of these two indices were dichotomized such that the zero denoted the absence of a problem and 1 denoted its presence. These items were then 
Crowding index
Number of members in the household Number of rooms in the house except the kitchen, the unclosed balconies, the garage and the bathrooms summed to form a score ranging from 0 -9 problems for infrastructure and services, and 0 -15 problems for housing conditions; the larger the score is, the poorer the conditions are. Finally, based on the respective frequency distributions, the indices were divided into three categories that reflect the magnitude of the problem per index. The infrastructure and services index was categorized into: 0 -1 problems (low), 2 -3 problems (moderate) and 4 -9 problems (high) while the housing conditions index was categorized into: 0 -4 problems (low), 5 -7 problems (moderate) and 8 -15 problems (high).
The household crowding index was calculated as the ratio of the number of people in the household to the number of rooms excluding the kitchen, unclosed balconies, bathrooms and garage (Lowry 1991; Gray 2001; US Census of Bureau 2000; Evans & Kantrowitz 2002; Al-Khatib et al. 2003) . Although it represents the most common way of measuring crowding, the interpretation of this index varies with geographical location. In the US for example, overcrowding refers to more than one person per room (Myers et al. 1996 ; US Census of Bureau 2000), while in a study carried out by Kumie & Berhane (2002) in Ethiopia, undercrowding refers to one person per room and crowding refers to two or more persons per room. In this study, the index was divided into three levels; undercrowded (one person per room), crowded (two to three persons per room), and overcrowded (four or more persons per room).
Other covariates used in the study included the educational level of the head of the household and the total household monthly income measured in thousands of Lebanese pounds (LBP). Based on frequency distributions, the income variable was categorized into low (5460,000 LBP), medium low (460,000 -700,000 LBP) and medium high (4700,000 LBP). Completed years of education for the head of household were also categorized into three categories: none-elementary, primary-intermediate, and secondary and above.
The presence of illness in the household was the outcome of interest; it was dichotomized into 0 for the absence of illness among all household members and 1 for the presence of illness among one or more members in the household. Using a checklist included in the questionnaire, the proxy respondent reported on illnesses which household members suffered from. Illnesses were classified according to the 10th revision of the International Classification of Diseases (ICD-10) (WHO 1992).
Statistical methods
Data were analyzed using the Statistical Package for Social Science (SPSS) Version 11.00 (SPSS 2003) . Odds ratios and 95% confidential intervals (CI) were calculated using a logistic regression model that evaluated the association between the presence of illness among household members and the three indices, controlling for the monthly income of the household, and the educational level of the head of household.
Results
Characteristics of the surveyed population
The age distribution of this sample indicates a relatively young population with 36.0% aged 14 years or younger and only 7.0% over 60 years. The majority of the households were nuclear (81.4%), male headed (84.0%), with an average family size of five persons per household (see Table II ). While 14.3% of household heads did not complete an elementary education, 27.0% attained a secondary level or more. Nearly one third (30.5%) of household 102 R. R. Habib et al.
heads were economically inactive. Of those who were economically active, one third (31.7%) were involved in crafts and related fields, and 39.6% earned a monthly salary of less than 300,000 LBP. 
Characteristics of the domestic built environment
Findings on infrastructure and services indicated that most households reported problems with the sewage system (87.5%) and garbage disposal (87.6%) (Table III) . The latter were mostly related to the type of trucks and haulers used as well as problems due to the timing (day or night) and frequency (number of times) of garbage collection. The majority of the households (91.2%) reported the availability of electricity for more than 4 hours per day, however around two third (64%) indicated problems with the quality of the electrical power (low or high voltage). Although 21.4% of households indicated problems due to flooding from rainwater, only 3.2% of those were evacuated. The majority of households (76.2%) utilized cisterns or tanker trucks for drinking purposes, 21.0% purchased bottled water, and only 0.2% had access to municipal water. With respect to housing conditions, 83.3% of households indicated cockroach infestation, 32.7% complained from the presence of mice inside the home, and 20.5% reported the presence of rats (see Table III ). Half of the households suffered from lack of adequate lighting in the living room, 44.1% suffered from the lack of adequate lighting in the bedroom and the majority of households reported poor ventilation (80.3%), humid conditions (66.0%), cracks in the walls (62.9%) as well as seepage in the ceilings (60.7%) and walls (73.7%). Almost half of the households (48.1%) indicated the presence of cracks in the ceiling and 13.5% always suffered from water overflow from floor drains. Other inadequate housing conditions included the absence of a proper heating system in 33.1% of the households, as well as broken glass and exposed electrical wires in 25% of the households.
The domestic built environment indices indicated that nearly half the households (47.6%) suffered from 4 -9 problems relating to infrastructure and services. More than half (55.3%) of households reported 5 -7 problems relating to housing conditions. As to crowding, 61.4% of surveyed households had 2 -3 persons per room while 8.4% reported 4 or more persons per room (see Table III ). Table II indicates that 69.5% of the households reported the presence of illnesses among household members. Among households that reported illnesses, 30.8% reported one illness, and 69.2% reported two or more types of illness. Results showed that the majority of the illnesses were those of the circulatory system (21.5%), the musculoskeletal system (18.9%), and the respiratory system (15.2%) (see Table IV ).
Presence of illnesses among household members
Association between education, income and the presence of illness
A multiple logistic regression model was carried out to uncover the association between the domestic built environment indices and the presence of illness among household members (see Table V ).
The association between the education of the head of the household and the presence of illness among household members showed a significant negative gradient. Households whose head attained a primary to intermediate education were less likely to report an illness, compared to households whose head attained an elementary education or none (OR ¼ 0.39, 95% CI ¼ 0.26 -0.57) (Table V) . Also, households whose head had attained a higher education (intermediate and above) were less likely to report an illness compared to those whose head had attained a low education (OR ¼ 0.28, 95% CI ¼ 0.19 -0.40). Households with high income were more likely to report an illness compared to those with low income; however, this association only reached a borderline significance (OR ¼ 1.66, 95% CI ¼ 1.04 -2.62).
Association between the domestic built environment and the presence of illness
The association between housing conditions and the presence of illness among household members showed a significant positive gradient. Households with 5 -7 problems in housing Disease and living conditions in a Palestinian refugee camp in Lebanon conditions were one and a half times more likely to report an illness (OR ¼ 1.53, 95 % CI ¼ 1.02 -2.29), and those with 8 -15 problems were twice more likely to report an illness (OR ¼ 2.08, 95% CI ¼ 1.40 -3.11) compared to households with 0 -4 problems.
Chi-square analyzes of selected housing conditions such as heating, humidity, ventilation and pest infestation, did not show a significant association with the presence of specific illnesses such as circulatory and/or respiratory illnesses (p 40.05). This may be attributed to the fact that disaggregating the index reduces the numbers and therefore the power and the chance to detect a significant association. The prevailing conditions of infrastructure and services did not show a significant association with the presence of illness among household members in Burj Barajneh camp.
Discussion
Income and labor in Burj Barajneh camp
Households in Burj Barajneh camp are considered poor by Lebanese standards; the median yearly household income in the camp was about US dollars 3,700 ($308 monthly) in 2004 compared to a national average of nearly $12,300 US dollars in 1997 (Administration Centrale de la Statistique 1998). The economic conditions in the camp are partially attributed to legal aspects relating to accessibility to work and to the type of work. While Palestinians have free access to casual, manual and agricultural labor, they require a work permit for other jobs that can only be granted by a ministerial decision. According to Lebanese Law, 72 occupations are restricted to Palestinian refugees and other foreigners (Ministry of Labor decree No 621/1, December 15, 1995) . In addition, the presence of foreign laborers in Lebanon, mainly Syrians and Egyptians, increases the competition for casual work (Makhoul et al. 2003) which has made it even more difficult for Palestinian refugees to find labor.
The domestic built environment in Burj Barajneh camp
The domestic built environment in Burj Barajneh camp is characterized by precarious housing conditions, basic accessibility to infrastructure and services and crowded living conditions. The dwellings in the camp suffer from poor housing conditions mainly relating to inadequate lighting and ventilation, excess humidity, cracks and leakage in walls and ceilings, in addition to pest infestation. Similar inadequate housing conditions in other Palestinian camps have been previously described in the literature (Al-Khatib et al. 2003; FAFO 2003) . Al-Khatib et al. (2003) indicated that close to half of the surveyed households in Al-Amari Camp in the West Bank (43%) reported the lack of adequate sunlight and more than a third (78.2%) suffered from humidity, leakage or mould. In a survey on the living conditions of Palestinian refugees in camps and gatherings in Lebanon, around 58% of sampled households suffered from inadequate lighting, 45% complained from poor ventilation and 65% reported humidity/dampness (FAFO 2003) .
The study findings on infrastructure and services are not so bleak. They indicated that the majority of households in Burj Barajneh camp are connected to a sewage system and a domestic water source despite the absence of official municipal provision of such services. Palestinian refugees residing in Burj Barajneh camp pay monthly water tariffs to a local popular committee in charge of privately purchasing and supplying service water for the camp residents. This committee also manages household sewage disposal through ''self-help'' projects supported by local NGOs and UNRWA. However, the camp still suffers from open sewer systems (An-Natour 2004) . This may be due to the decline in services provided by UNRWA, and the improper allocation and sustainability of projects relating to infrastructure and services by funding agencies (An-Natour 2004) .
Although domestic water and sewage conditions in Burj Barajneh camp seemed acceptable when compared to those in slums and squatter settlements in sub-Saharan Africa (Kifle 2000) , they rated worse that those in Al-Amari Camp where nearly all surveyed households are connected to a sewage system (98.4%) and a piped water supply (100%) (Al-Khatib et al. 2003) .
Our results indicated that 69.8% of the surveyed households in Burj Barajneh camp housed two or more persons per room. This finding showed that crowding in this camp was worse than that reported in selected camps and gatherings in the West Bank and Gaza strip, where 40% of households suffered from ''overcrowding'' with two or more persons residing in a room (Farah 2000) . It is worth noting that residential units in Burj Barajneh camp generally expand vertically due to the lack of space in the camp and the unavailability of legal building permits and ownership thus resulting in cramped and poorly built houses.
Education, income and the presence of illness in Burj Barajneh camp
The results of our study concur with the literature on the negative association between education, as a measure of socioeconomic status, and the presence of illness (Dunn & Hayes 2000; Evans & Kantrowitz 2002) . However, the results on income did not concur with the majority of studies that show a better health status with a higher income (Takano & Nakamura 2001; . Our findings on the association between income and the presence of illness in Burj Barajneh camp should be interpreted with care. We do not consider income to be an accurate measure of socioeconomic status within the boundaries of the camp where the majority of households are considered poor by Lebanese standard (76% of households earned less than 500 $ per month), and families with a fairly good income tend to move outside the camp.
The domestic built environment and the presence of illness in Burj Barajneh camp
Our findings on the positive association between health (measured by the presence of illness among household members) and poor housing conditions, concur with what has been 108 R. R. Habib et al. previously reported in the literature (Rylander & Megevand 2000; Wolf et al. 2001; Thomson et al. 2001; Krieger & Higgins 2002; Al-Khatib et al. 2003; Samet & Spengler 2003; Sirinivasan et al. 2003; Xavier et al. 2003) . Published studies have associated poor housing conditions, manifested by excessive humidity, inadequate ventilation in addition to rodent and pest infestation, with ill-health (Jones 1998; Krieger & Higgins 2002; Al-Khatib et al. 2003; Roux 2003) . The lack of an association between the presence of illness among household members and the prevailing conditions of infrastructure and services was not surprising given the sufficient provision of essential services including domestic water and sewage disposal through ''selfhelp'' projects discussed above.
Contrary to several published studies (Gray 2001; Evans & Kantrowitz 2002; Kumie & Berhane 2002 ; US Census of Bureau 2004) our results did not show an association between crowding conditions and ill-health, although a large proportion of the camp residents live under crowded conditions. It is worth noting that the relationship between crowding and health is complex and may be influenced by a number of potentially confounding variables that were not accounted for in this analysis due to lack of data. These variables include the practices of hygiene and the access to health care services (Myers et al. 1996; US Census of Bureau 2000) .
Study limitations
The inherent limitations of the cross-sectional design may have impinged on the results of this survey. Bearing in mind these limitations, our analyzes were designed to establish significant associations rather than deriving causal inferences.
Several indicators of the built environment were missed in the analysis due to the lack of data. These include determinants of the indoor environmental quality such as home dust mite, type of building material, lifestyle habits such as smoking, in addition to the quality of water sources. Moreover, other determinants that were also missed in the analysis include the access to healthcare services, the practice of preventive health activities, and others such as the urban clutter and the social environment, all of which have been previously associated with the presence of illness (Takano & Nakamura 2001; Galea & Vlahov 2005) .
Conclusion
Housing quality and well-being are key issues on the political agendas of both developing and developed nations. Our study revealed an association between the poor housing conditions and the presence of illness in a Palestinian refugee camp on the outskirts of Beirut. The prevailing poor housing conditions in Burj Barajneh camp coupled with low-income jobs among Palestinian refugees, call for immediate action to ensure sustainable living conditions. The timeliness of this issue is evident by the latest developments whereby the Lebanese Minister of Labor issued an order in June 2005 allowing Palestinians born and registered in Lebanon to work in jobs that do not require official registration in a syndicate.
